The effect ofmatrix albumin concentration on reduction ofNBT by DMF has been investigated together with the effect of cationic additives. Decreased albumin concentration and increased cationic detergent concentration both increased the sensitivity of the assay due to kinetic effects, but addition of a low molecular weight cation had no effect. The reduction of NBT by glycated albumin was not increased in sensitivity by a protein matrix oflow concentration. Due to the complexity and poorly understood nature of interaction between DMF and albumin in the reduction ofNBT, the authors do not consider DMF to be a suitable primary calibrant for the fructosamine assay.
The non-enzymatic reaction of glucose with serum protein results in the formation of a ketoamine. The reduction of nitroblue tetrazolium (NBT) by this keto amine group under alkaline conditions is the basis of the fructosamine assay for glycated protein. ' The assay is calibrated by means of a synthetic ketoamine, 1-deoxy-I-morpholinofructose (DMF) in an albumin or serum protein matrix. The source and concentraton of the protein matrix has been shown to affect the slope and intercept of the standard curve." 4 Spectral differences between NBT reduced in the presence and absence of albumin indicated a possible interaction between NBT, a positively charged species, and albumin. I It was considered possible that addition of a further positively charged species might overwhelm this putative NBT albumin interaction.
The effect of varying concentrations of albumin in the matrix of the DMF calibrant was investigated and also the effects of a low molecular weight cation (benzyltrimethylammonium chloride, BTAC) and a cationic detergent (cetyltrimethylammonium bromide, CTMAB) on the reduction of NBT by DMF. The fructosamine assay was carried out on a Cobas Bio centrifugal analyser (Roche Products Ltd, Welwyn Garden City, UK) using parameter listings shown in Table 1 . The NBT reagent was 0·25 mrnol/L nitroblue tetrazolium in 100 mmol/ L sodium carbonate made accurately to pH 10·35. The absorbance change between 10 and IS min was measured and the contribution of the albumin matrix to the absorbance change was deducted.
Materials and methods

I-
EFFECT OF ALBUMIN CONCENTRATION AND OF
CA TlONIC SPECIES
A series of five 3·0 mrnol/L DMF solutions was prepared, containing zero 10, 20, 30 and 40 giL human albumin. Each of these was subjected to the fructosamine assay. This experiment was repeated with a series ofNBT reagents containing 0'1-6,0% benzyltrimethylammonium chloride (BTAC). Finally, a series of seven solutions of3·0 mrnol/L DMF in zero,S, 10, 15,20, 30 and 40 giL albumin were prepared and subjected to the fructosamine assay using NBT reagent containing 0·1 % or 0·2% of the cationic detergent cetyltrimethylammonium bromide (CTMAB). To a number of 4·5 mL aliquots of 0·25 mmol/L NBT reagent in 0·1% CTMAB was added 0·5 mL of 3 mmol/L DMF. Incubation was performed at 37°C for 15 min and then reaction quenched at O°c. After confirming that the absorbances were stable (no further reaction occurring) 0·5 mL of albumin solution from 5 to 40 giL was added to the tubes. The absorbances were read and, after correcting for dilution, compared to absorbances in the absence of albumin.
Results
ABSORPTION SPECTRUM OF REDUCED NBT
To 0·1 mL of 3·0 mrnol/L DMF in 40 giL albumin was added 0·9 mL NBT reagent (without additives). This was incubated at 37°C for 15 min and then scanned between 400 and 700 nm using a Pye SP8-400 spectrophotometer (Phillips, Cambridge, UK). This procedure was repeated with NBT reagent containing 0·1 % CTMAB. Finally 0·1 mL of 3·0 rnmol/L DMF in water was mixed with 0·9 mL NBT reagent containing 0·1% CTMAB and incubated at 37°C for 15 min, after which time an absorption spectrum was obtained; following addition of 0·1 mL of 40 gj]: albumin a further spectrum was obtained immediately.
EFFECT OF ALBUMIN CON CENTRA TION AND OF
CA TIONIC SPECIES
In the absence of albumin, the reduction ofNBT by DMF resulted in precipitation of the reduced NBT. This was clearly evident on centrifugation.
The absorbance change of 3 mmol/L DMF at the various albumin concentrations is shown in Fig.  I . At an albumin concentration of 20 g/L or greater the absorbance was constant, but it increased at an albumin concentration of 10 giL. The contribution of the albumin matrix to the absorbance change was deducted so that the changes seen were due entirely to the reduction of NBTby DMF. The incorporation of a cationic species, BTAC had no effect, the same changes being found as with albumin alone. The presence of cationic detergent prevented the precipitation of reduced NBT in the absence of albumin, but in 0·1% CTMAB the absorbance changes were similar to those for albumin alone. Under these conditions increasing absorbance change (10-15 min) was found at albumin concentrations of less than 20 giL and the absorbance change (10-15 min) reached a maximum in the absence of albumin. The absorbance change (10-15 min) was 38% greater in 0·2% detergent than in 0·1% detergent though the pattern of change with altered albumin concentration was the same (Fig. 1) . The absorbance change (10-15 min) was 70% higher in the absence of albumin than in the presence of 20-40 giL albumin for both 0·1 and 0·2% CTMAB. Again the contribution of the albumin matrix to reduction of NBT was deducted.
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ABSORPTION SPECTRA OF REDUCED NBT
The absorption spectrum of NBT reduced by DMF in the presence of albumin showed a maximum at 530 nm and it had the same shape as the spectrum of NBT reduced in the presence of albumin and CTMAB. There was no significant difference between the absorption spectrum of NBT reduced by DMF in the presence ofalbumin and CTMAB and that for NBT reduced in the presence of CTMAB and absence of albumin, but with subsequent addition of albumin. DMF in water, albumin or detergent showed no absorbance at these wavelengths, neither did CTMAB or NBT in the presence of albumin before reduction had occurred.
EFFECT OF DETERGENT ON ABSORBANCE OF REDUCED NBT
The reduction of NBT by 30 mrnol/L DMF resulted in a constant absorbance of 7·470 from 60 to 240 min in the presence of 0·1% CTMAB, the absorbance being read after dilution. Allowing for the dilution effect, addition of CTMAB to a final concentration of 0·2% increased the absorbance by 1·9% to 7·600 and this remained stable for a further 120 min. The high DMF concentration and long incubation period were necessary to ensure complete reduction of NBT prior to testing the effect of increased CTMAB concentration on NBT absorbance. The addition of albumin to the quenched reaction of NBT and DMF resulted in small decreases in absorbance ranging from 0·2 to 4·2%. No consistent trend was seen with changing concentration of albumin, possibly because of the imprecision involved in assessment of such small changes.
Discussion
Reduced NBT was insoluble in the absence of both albumin and detergent. Clearly albumin interacts in some way with the reduced tetrazoIium salt to maintain solubility and this solubilising role can be performed by a cationic detergent. This agrees with a recent report in which Triton-X achieved a similar effect.7 At albumin concentrations less than 20 giL there was an increased absorbance obtained from the reaction of constant concentrations of NBT and DMF. It must be remembered that the absorbance measured is an absorbance increase from 10 to 15 min after mixing. Thus a difference could be caused by an altered rate of reduction or by an alteration in the molar absorbance of the reduced NBT. To investigate the latter possibility, the normal reduction of NBT by DMF (carried out in CTMAB to prevent precipitation) was quenched at 15 min by cooling and albumin of various concentrations added. A slight reduction in absorbance was detected on addition of albumin, but the small change could not explain the 70% difference in absorbance between DMF in zero and 40 giL albumin in the initial experiments. This suggests that the latter is due to a kinetic effect ofthe albumin on NBT reduction by DMF, rather than an effect on the molar absorbance of reduced NBT. The greater sensitivity of the fructosamine assay in 0·2% as compared to 0·1 % CTMAB must also be due to a kinetic effect as there was no significant increase in the molar absorbance of fully reduced NBT when the CTMAB concentration was increased from 0·1 to 0·2%.
The absorption spectrum of NBT reduced by DMF in the presence of albumin did not differ from that obtained when NBT was reduced in the absence of albumin (but presence of CTMAB) and no change was found when albumin was subsequently added. Lack of spectral change, however, does not rule out albumin NBT binding completely. The difference in the spectrum of NBT reduced in the presence and absence of albumin I is evidently due to insolubility of reduced NBT in the latter case. In the present study this resulted in precipitation, but Phillipou, Seaborn and Phillips were able to obtain a spectrum and found it to resemble that of reduced NBT in an ethanolic solution in which the NBT was also incompletely soluble."
A simple cationic substance (BTAC) with no detergent properties had no effect at all on the reduction ofNBT by DMF, thus a simple charge based interaction between NBT and albumin seems unlikely as a cause of the albumin effect.
With regard to the practical application of the fructosamine assay two questions are raised by this study. Do low concentrations of albumin affect the reduction of NBT by the glycated protein moiety (as opposed to DMF)? Do these findings contra-indicate the use of DMF as a calibrant for the fructosamine reaction? The reduction of NBT by 10% glycated albumin or human serum of varying concentrations indicated that a different situation pertained to that when DMF reduced NBT in albumin of varying concentrations. In the latter case a matrix of albumin concentration less than 20 giL caused an increased absorbance per mmol/L of DMF. When the reducing agent was glycated protein (this glycated protein also being the matrix, as with a patient specimen) low concentrations of albumin or mixed serum protein did not result in a higher sensitivity.
The reaction of DMF with NBT in a protein matrix is subject to complex effects which are ill understood and this suggests that it may be a poor choice as a primary calibrant for the fructosamine assay.
